Abstract. 2014 By numerical relaxation with interatomic pair potentials, we study the stability of quasicrystalline models. A monoatomic model and a AlMnSi model are found stable and we present their partial pair distribution functions. These quasicrystalline structures are described by 3D cross sections through 3D atomic motifs in a 6D space. During the relaxation, atoms move from their initial positions and we show that these displacements correspond to modifications of the atomic motifs.
1 Phys. France 51 (1990) Numerical studies of bidimensional quasicrystal atomic models [1] [2] [3] [4] have led to important results about the stability of quasicrystalline structures. In particular it has been shown [3] both theoretically and numerically that a diatomic quasicrystal with a five-fold symmetry can be stable with atomic pair potentials.
Even if real atoms do not interact through pair potentials, investigation of models with simple interactions are valuable to the understanding of quasicrystals. A detailed study of the stability of quasicrystalline models has been done by Roth et al. [5] who found one monoatomic and one diatomic quasicrystal stable. In this paper we confirm the meta-stability of the monoatomic packing and we test a recent AIMnSi model [6] as well as différent variations of it. During the simulations, the models relax to configurations which correspond to minima of the potential energy. Janssen [4] has pointed out that the displacement field should have the symmetry of the initial quasicrystalline state and, after a numerical relaxation, the final state should be a quasicrystal. Here we analyse the relaxed states within the framework of the cut-method in hyperspace [7] and we present the modifications of the 3D atomic motifs induced by the relaxation process.
2. 3D-atomic motifs and relaxation.
2.1 6D-DESCRIPTION OF THE QUASICRYSTALS. -The four quasicrystalline models which have been relaxed can be constructed either with the strip and projection method [8, 9] or with the cutmethod [7] . However (6) where the corrective term xr -Xc is easily calculated from xr -x.
Thus the new atomic motif Ar has an extent in parallel space which is directly the site displacements during the numerical relaxation. We will use equations (6) or (7) to compute the final motif elements ar associated with the relaxed positions xr.
The initial atomic motif A is a 3D domain included in El.. It is usually represented by a projection onto a 2D sheet of paper. Actually this drawing is also a 2D representation of Ar since A is already the projection of Ar onto El (cf. relation (6) [12] : it is a stellated dodecahedron truncated by the standard triacontahedron.
We have used this atomic motif, suitably modified, to take the periodic approximation into account (see Appendix B), to build a unit-sphere packing of 8051 particles corresponding to the r-approximant p/q = 8/5. Roth et al. [5] have shown that the unit-sphere packing is (meta-) stable when relaxed with a Lennard Jones-like pair potential. We have studied the unit-sphere packing in the case of the Morse potential and with several interaction ranges. We confirm its stability and the pair correlation functions, g(r), of the relaxed states are shown in figure 1. However the relaxed state is an amorphous structure when the cut-off distance rc of the potential p is equal to 1.5ro and ri = 1.15ro. Since the initial displacement field is supposed to have the symmetry of the initial state, we suspect that the quasiperiodic structure is slowly destroyed because of numerical rounding errors and because the initial strate is an approximant of a truly quasiperiodic state. On the other hand, the quasicrystalline peaks broaden but remain when rc = 2ro ( and rt = 1.5ro). The displacement distribution n(Il xr -x 11),shown in figure 2, is very narrow with a mean displacement equal to 0.02e instead of 0.47e in the amorphous case. The optimized value of the potential minimum position is ro = 1.045e and the potential energy per atom is equal to -6.05êo as compared to -6.83êo for fcc lattice and -6.5&#x26;0 for bcc lattice. The stability has also been obtained with the figure 7 . The modifications of these atomic motifs necessary to take the periodic approximation into account are described in Appendix A. We have relaxed a model of 10028 atoms (7940 Al and 2088 Mn) which corresponds to the r-approximant p/q=5/3 and used a potential cut-off rc = 2ro (rt = 1.5ro). A slice of the relaxed structure is shown in figure 4 . The length bonds have been optimized except roMnMn because too few Mn atoms are first neighbours and the next neighbours yield too unrealistic a MnMn bond length. We have fixed roMnMn = dr = 0.563e and we have obtained the optimized values roAIAI = 0.625e and roAlMn = 0.573e.From diffraction spectra [14] one can deduce the edge length e = 0.460nm and thus roaw = 0.288nm which is very reasonable compared to the nearest neighbour distance in pure Al equal to 0.286nm.
We have checked that the numerical diffraction pattern still has sharp peaks and has kept the icosahedron symmetry. However some large atomic displacements occur during relaxation even if the overall structure remains stable. The move distribution, shown in figure 5 , is broader than in the unit sphere packing case, the mean displacement being equal to 0.08e.
The partial pair correlation functions of the relaxed model are shown in figure 6 and are in agreement with the experimental curves obtained by neutron diffraction [15] . The positions of the first peak maxima, for the model and the experiment respectively, are : 0.28nm and 0.282nm for AlAl, 0.26nm and 0.255nm for AIMN, 0.24nm and 0.267nm for MnMn. Figure 7 shows that the relaxed atomic motifs have an extent in parallel space Ell . Notre that the motifs are periodically repeated on the 2D lattice ZZ6 n P5 with basis vectors e6 and b. The shape of the atomic sections can be understood as follows : the displacement of each atom during the relaxation, which is the parallel component of a, depends on its surroundings. Now 
